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Abstract 
Promoter region of gene closely related with tissue specific expression and SSRs (simple sequence repeats) have been 
shown to have a variety of effects on an organism. This paper used a heuristic method to find SSRs and compared the 
most frequently SSRs on promoter region of both human tissues specific genes and human housekeeping genes. We 
used kidney and testis tissue as examples to show the final results. Especially, we found that (AGG)n is kidney 
specific SSR and (GCG)n is testis specific SSR. We also analyzed the SSRs frequency density distribution on 
different promoter regions of both tissue specific genes and housekeeping genes, and we found the density of 
housekeeping genes on core-promoter region is much higher than on other promoter regions.  
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1. Introduction 
The regulation of human gene expression is a critical, highly coordinated and complex process. Gene 
regulation plays a crucial role in virtually every biological process from coordinating cell division to 
responding to extracellular stimuli and directing transcription during development. Analysis of tissue-
specific (TS) genes and their regulatory activities play an important role in understanding mechanisms of 
the organism, disease diagnosis and drug design. So, currently it is one of the major challenges and 
fundamental goals for biomedical research. 
Until now a lot of researches [1, 2, 3] demonstrate that promoter region of gene closely related with 
gene specific expression. As its definition, the promoter of a gene is the cis-regulatory DNA region at a 
specific location (the transcription start site, or TSS) that can drive the transcription of its target gene in 
response to environmental signals. Generally speaking, the relationship between promoter and gene's 
tissue specificity includes the following aspects: there are amount of transcription factor binding sites 
(TFBS) on promoter region of genes. Through the connect and disconnect with transcription factors (TF), 
it regulate gene specific expression, many algorithms or methods[4,5,6] and mature software which are 
used to find those motif or patterns are developed, such as MEME[7], Consensus[8] etc. Another clue to 
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study tissue specific is structure features of gene promoter region, such as TATA-box and CpG-island is 
the most relevant features of tissue specific genes promoters region. Reference [4] determined the 
distribution of each of the 65,536 DNA sequences that are eight bases long (8-mer) in a set of 13,010 
human genomic promoter sequences and identified eight DNA sequences pattern in 5082 promoters that 
suggests are important for regulating gene expression. 
The presence of repeated sequences is a fundamental feature of genomes. From the genome explorer 
viewpoint, repeat is the simplest form of regularity and analyzing repeats gives first clues to discovering 
new biological phenomena. Historically, SSRs have been used mainly as genetic markers to study 
populations and ecology of various species. However, recent research has shown that SSRs play a more 
active role than previously thought in terms of development, gene regulation, and evolution. Reference 
[9] showed that a polymorphic SSR upstream of the vasopressin 1a receptor gene affects the gene's 
expression level which in turn led to observed differences in socio-behavioral traits of the prairie vole. 
SSRs have also been shown to be behind a variety of neurological diseases [10]. Based on where a tri-
nucleotide SSR resides in a gene, these diseases can be classified into two subclasses: non-coding and 
coding repeat diseases. One example of a non-coding tri-nucleotide repeat disease is myotonic dystrophy 
caused by the expansion of a (CTG)n repeat in the 3′-UTR of the DMPK gene[11] which hinders 
normal transcription of DMPK. The coding repeat diseases are caused by expansion or shrinkage of a 
(CAG)n repeat in the coding regions, which can lead to protein misfolding or abnormal gene expression. 
Reference [12] compared SSRs frequency distribution in housekeeping and tissue-specific genes in 
human and mouse, it find SSRs in the 5'-UTR region show the most distinction between housekeeping 
genes and tissue-specific genes in both densities and repeat types. 
Based on the observation above, this paper focused on finding statistical and pattern features of SSRs on 
promoters regions of human tissue specific genes. 
2. Data and Methods 
2.1 Human tissue specific gene promoter region 
In this research we use tissue specific genes and their promoter sequences as the base data to analyze 
the relationship of simple sequence repeat and tissue specificity. The tissue specific gene that we use to 
analysis come from DM-triger[13], which was previously constructed by our team. So far there still does 
not exist a standard to judge whether a gene is tissue-specific or not [15]. So data from DM-triger fully 
take advantage of the knowledge of domain experts. All tissue specific genes from DM-triger have been 
confirmed by literature. Until now there are 74 human tissues in DM-TIGER and we construct a hierarchy 
tree to store tissues category. There are 1590 tissue specific genes, 5522 genes reference names in the 
database.  House-keeping genes are genes that are expressed constitutively in all tissues of an organism. 
It's the most contrast data compared with tissue specific genes. It's necessary to use housekeeping genes 
as the opposite data set when study the features of tissue specific genes. We use housekeeping genes and 
their promoter sequences as the verify data in this study. The housekeeping genes come from reference 
[19], in which it used gene expression microarray data of Affymetrix U95A chip to select the genes 
whose expression level are above a cutoff as housekeeping genes. The dataset is public available at     
http://www.compugen.co.li/supp_info/Housekeeping_genes.html.The corresponding promoter region of 
tissue specific genes and housekeeping genes were downloaded from EPD [16], DBTSS [17] and UCSC 
[18]. For each human tissue, we index all its associated tissue specific genes, also we extract 1500bp (-
500~+1000bp region) around TSS (Transcription start site) of each gene as the promoter region to be 
studied. 
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2.2 Methods
Simple sequence repeats (SSRs) are tandem repeat nucleotides in DNA sequences. They appear in 
both eukaryotic and prokaryotic genomes, it is associated with various regulatory mechanisms. We want 
to study the SSRs features on tissue specific genes’ promoter region. So in this research we give simple 
sequence repeats (SSRs) in promoter region a formal definition: 
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In this formula x, y, z and w represent single nucleotide that is belonging to the set of {A, T, C, G}. α, β, 
δ and ε mean the single nucleotide repeats times. In this research we want to find some SSRs whose 
length of a SSRs repeats unites are bigger than 3 and repeat times are bigger than 4, so equation (1) 
requires the sum of α, β, δ and ε are equal or big than 3 and the repeat times n are equal or big than 4. The 
methods which we use to find tissue-specific SSRs and its frequency distributions on different promoter 
regions associate with 76 human tissues are illustrated in figure 1. 
Computationally, it is often conveniently to divide promoter into three regions: the core-promoter 
(~80-100bp surrounding the TSS), the proximal-promoter (~250-1000bp upstream of the core-promoter) 
and the distal-promoter. So in the first step, we define (-50~+50bp) around TSS is the core-promoter 
region, (-500~+500bp) around TSS is proximal-promoter region, (-1000~+500bp) around TSS is distal-
promoter region.  In the second step, we identify all maximal repeats on promoter regions of both tissue 
specific genes and housekeeping genes and using the results as the pre-treatment results. We then use 
heuristic method to filter these SSRs whose repeat units are larger than 3 and repeats times are bigger 
than 4. So the minimal length of satisfied SSR is 12. We then write program to select the most top n SSRs 
and compute average error rate for each of the top n SSRs. The Error rate of each SSR is the ratio of the 
number of mismatches to the overall length of the repeat minus period. In the SSRs finding method, a 
mismatch is accounted when two letters located within distance p (the length of repeat unit) are distinct, 
with the exception that if the letter p positions to the right are the same as the one p positions to the left, 
then these two mismatches are accounted for one. For example, the above-mentioned repeat "taagtt tgagtt 
taag" is considered to have only one error, although there two mismatched pairs: g at position 8 
mismatches with both ‘a’ at position 2 and ‘a’ at position 14. So in this SSRs finding method, it calculate 
the error rate is 1/ (16-6) =0.1. After that ,we compare the top n SSRs in one tissue with other SSRs in 
other tissues and housekeeping genes ,if a SSR has a high frequency in one tissue and  have low 
frequency or even do not occur in housekeeping genes and other human tissues ,we thought this SSR is a 
tissue specific SSR. 
We write shell script to extract the position information of each SSR in the output SSRs and count 
the number of SSRs in different promoter region. Chi-square goodness-of-fit tests with 1 degree of 
freedom were applied to test whether SSR density is significantly different between tissue-specific genes 
and housekeeping genes in the distal promoter region, proximal promoter region and core promoter 
region. In a particular region we also calculate the expected number of SSRs using the following formula: 
)2(*
L
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Where Ei is the expected number of SSRs in different promoter region of tissue specific genes, N is the 
total number of SSRs in a specific tissue, L is the total length of the promoter region, in this paper L equal 
1500, and Li is the length in base pairs of each different promoter region. Finally after comparing the 
distribution results in different regions with housekeeping genes and other tissues, we determine the 
frequency features for human tissues and housekeeping genes. 
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Fig. 1 Mthods to find tissue-specific SSRs and its frequency distibutions on different promoter regions 
CPD Region: Core-promoter,Proximal-promoter and Distal-promoter Region; HMF-SSRs: Heuristic Method to Find SSRs; Top n-
SSRs: Method to Select the Top n Tissue Specific SSRs; CPD Region –FD: CPD Region SSRs frequency distribution; Total 
compare: Total compare:Methods to Compare with Different Tissue and  Housekeeping genes; TS-SSRs: Tissue Specifc SSRs; TS-
FD: Tissue Specifc SSRs Number Frequency Distribution. 
3. Result 
As there are 76 human tissues and limited pages, so in this paper we use testis and kidney tissue as 
example to show the results.  
3.1  Testis and Kidney Specific SSRs 
Using the methods mentioned in section II, we found the most frequency SSRs in human testis and 
kidney tissue. The results are list in the bellow tables. In the “SSRs” column of table I and II are the 
simple sequence repeats in kidney, testis and housekeeping genes, the “percentage” column of table I and 
II are the percentages genes which have this SSRs .Average error rate for specific SSRs are list in the 
“Average(Err_rate)” column. For example in table I, this mean if there are 100 genes associate with testis 
tissue, above 9 out of 100 genes have the SSRs of (GCG)n, where n is bigger than 4 and average error 
rate is 0.142. As we can find in the following table I, the most frequently SSRs associate with kidney 
tissue is (AGG)n and after compared with table II, we find (AGG)n is specific to kidney tissue, the reason 
is  that it has the higher frequency appearance in kidney but do not appear in housekeeping genes SSRs 
results and other tissues. We also find (GCG)n is testis specific, first reason is also it has the highest 
frequency in testis tissue , the other reason is although it appear in housekeeping genes but the frequency 
is much low(equal 1%), we speculate it may be caused by the inaccurate extraction of housekeeping 
genes.   
 
TABLE I TEATIS AND KIDNEY SSRS RESULT 
Tissue SSRs Result SSRs Percentage Average(Err_rate ) 
Testis (GCG)n 9.2% 0.142 
Testis (GGA)n, (GGC)n 4.6% 0.086, 0.037 
Testis (TTTG)n,(CCG)n 3.4% 0.039, 0.123 
Testis 
(CCCCG)n,(GAA
GG)n,(CCGC)n,(G
CCG)n,(GGT)n
2.3% 0.075, 0.129, 0.094, 0.113, 0.062 
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Tissue SSRs Result SSRs Percentage Average(Err_rate ) 
Kidney (AGG)n,( CAG)n 9.6% 0.078, 0.088 
 
 
TABLE II HOUSEKEEPING GENES SSRS RESULT 
Housekeeping genes SSRs Result 
SSRs Percentage Average(Err_rate ) 
(GAAT)n 7% 0.117 
(CGG)n 6% 0.073 
(CCCGC)n,(CCT)n,(GCC)n, 4% 0.087, 0.0415, 0.117 
(CGC)n,(CCC)n,(GGC)n,(GGG)n, 3% 0.078, 0.181, 0.08, 0.116 
(CAG)n,(CCCCG)n,(GAG)n,(CTC)
n,(CCG)n,(GGA)n,(GCT)n 2% 
0.118, 0.109, 0.133, 
0.133,0.105,0.155,0.065 
(AAT)n,(GCG)n,(TCG)n…. 1% 0.188, 0.143, 0.16…. 
3.2  SSRs Frequency Density Distribution in Different Promoter Region 
We divide the promoter region (-1000~500bp) into four different regions as list in table III: Distal 
promoter region, left proximal promoter region, core promoter region and right proximal promoter region. 
We then count the frequency of SSRs on different promoters regions of these genes in kidney, testis and 
housekeeping genes.  The "**SSRs number" rows list results of the statistics and the number in the 
parentheses mean the expected number of SSRs using the formula (2) in section II. As we can see in table 
III, the experiment result of SSRs number in the tissue specific genes are nearly equal with the expected 
value .while in the core promoter region of these housekeeping genes the true number of SSRs is nearly 
twice the number of expected value. So we speculated the core-promoter region of housekeeping genes 
have much more SSRs density than other promoter regions. 
 
TABLE II    SSRS FREQUENCY DENSITY  
 SSRs Frequency density distribution 
Region Length(l) 500 
(-1000~ -500) 
450 
(-500~ -50) 
100 
(-50~+50) 
450 
(50~500) 
Region 
Name 
Distal 
Promoter 
Left proximal 
      Promoter 
Core 
Promoter 
Right proximal 
Promoter 
Testis SSRs  
number 
 
23(25) 
 
26(22.5) 
 
4 (5) 
 
22(22.5) 
Kidney 
SSRs 
number 
   
17(13.3) 15(12) 
 
0 (0.2) 8(12) 
Housekeeping 
SSRs number 
     
29(33.7) 26(30.3) 
 
12(6.7) 34(30.3) 
4. Conclusion and future works 
In this research, we found the most frequently SSRs on genes' promoter regions of different human 
tissues and we use housekeeping genes SSRs statistic results as the validation information, finally we 
found (GCG)n have the highest frequency in testis but do not occurrence or have the low occurrence in 
housekeeping genes and other tissues, so we identified (GCG)n is testis specific. Using the same method 
we found (AGG)n is kidney specific SSR. We also statistic the SSRs frequency density distribution on 
different promoter regions associate with human tissues and housekeeping genes, from the result we 
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found the density in housekeeping genes core-promoter region is higher than housekeeping genes’ other 
promoter regions. 
In the process of finding tissue specific SSRs we found some SSRs have high frequency in some 
tissues and have low frequency in housekeeping genes, and we also identify those SSRs are tissue 
specific because we thought this may be caused by the inaccurate of extraction of housekeeping genes. So 
in the future, we will totally use of experts knowledge to mine housekeeping genes in literature and 
improve accuracy of the experiment. 
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